In spite of their widespread use in practice, accounting-based market multiples are subject of surprisingly few academic studies. As a contribution to close this gap, we examine the accuracy of different types of multiples in European equity markets. We find that multiples generally approximate market values reasonably well. In terms of relative accuracy, our results show: (1) Equity value multiples outperform entity value multiples. (2) Knowledge-related multiples are more accurate than traditional multiples. (3) Forward-looking multiples, in particular the two-year forward-looking price to earnings (P/E) multiple, outperform trailing multiples. These empirical findings are significant in magnitude, robust to the use of different performance measures, and constant over time.
1-digit to 2-digit and 3-digit industry codes, but there are no further improvements when 4-digit industry codes are considered. He also finds that adding controls for earnings growth, leverage, and size does not significantly reduce valuation errors. Kaplan & Ruback (1995) investigate properties of the DCF model in the context of private equity transactions. While they conclude that DCF valuations approximate transaction values reasonably well, they also find that simple enterprise value to earnings before interest, taxes, depreciation, and amortization (EV/EBITDA) multiples result in similar valuation accuracy. Gilson, Hotchkiss & Ruback (2000) compare the market value of firms that recognize bankruptcy to value estimates from the DCF model and the MVM. As in Kaplan & Ruback (1995) , the DCF and the multiples approach have about the same degree of valuation accuracy.
In a more general context, Liu, Nissim & Thomas (2002) investigate the performance of multiples for the U.S. equity market. They find that multiples based on earnings forecasts explain stock prices well for a large fraction of firms. That is, inverse P/E multiples using two-year earnings per share (EPS) forecasts generate valuations within twenty percent of observed prices for almost sixty percent of firm years. The authors also compare their results with the performance of the RIM. Against their intuition, the RIM performs worse than the multiples approach. In a recent study, Liu, Nissim & Thomas (2007) extend their analysis and examine the performance of earnings versus cash flow multiples in a more international setting. Across ten countries, they find that multiples based on earnings measures outperform those based on operating cash flow and dividends. Moving from trailing numbers to forecasts improves the valuation accuracy, with the greater improvement being observed for earnings.
Consistent with the results of Thomas (2002 and 2007) , Kim & Ritter (1999) conclude how IPO prices are set using multiples. They show that forwardlooking P/E multiples outperform all other multiples in accuracy. In fact, two-year EPS forecasts dominate one-year EPS forecasts, which in turn dominate current EPS. Lie & Lie (2002) examine the accuracy of a conventional list of multiples for the universe of firms within the Compustat North America database. In line with the preceding studies, they also report superior performance of forward-looking P/E multiples compared to all other multiples.
Definition and categorization of multiples
Following Penman (2004) , we define a (market) multiple as the ratio of a market price variable (such as the stock price, the market capitalization, or the whole enterprise value) to a particular value driver (such as earnings, revenues, or the work force) of a firm. This definition enlightens that the MVM finds prices (in a particular market setting, reflecting the current market sentiment) rather than values (which are defined as prices in a perfect market and therefore estimated on the basis of "long-term data" and "typical conditions").
A multiple is called to be consistent, if there is an accepted economic model which explains (under certain assumptions) a proportional relationship between the value driver and value. For example, Gordon's growth model comes up with the notion that the value of equity ,
of firm i at time t equals the expected next dividend d t+1 divided by the difference between the discount rate r and the growth rate g. Thus, value is equal to the product of the expected next dividend (value driver) and the constructed (1)
Here, the multiple depends only on the risk of the firm (which is reflected in the cost of capital) and the growth rate. The underlying belief of the MVM is that multiples are the same within a group of comparable firms and within a certain time window.
Thus, the size of the multiple must not be inferred from a model like Gordon's. It can be empirically determined by observing the actual market prices and value drivers for a few firms which are, by a precedent analysis, identified as comparable. The resulting synthetic multiple is then used to estimate the value of the target firm for which only the value driver is known. If the actual price of the target firm can be observed, the difference between the actual price and the value estimated using the MVM serves to assess the accuracy of the method. The accuracy determines the performance of the MVM.
Our analysis attempts to find multiples which are both consistent and accurate (high performance).
The MVM requires four steps.
Step 1 is the selection of the kind of value under interest (such as equity or entity) and of the value driver (such as earnings or cash flows).
Step 2 identifies the group of comparable firms, the peer group. Together with the market price variables, the value drivers form the basis for the calculation of the corresponding multiples of the comparables.
Step 3 aggregates these individual multiples into a single number. This procedure is carried out by estimating synthetic peer group multiples according to a chosen statistical measure of central tendency.
Step 4 determines the value estimation for the target firm by taking the product of the synthetic peer group multiple and the value driver of the firm being valued.
The general definition of a multiple allows for a variety of different multiples. In order to analyze specific characteristics of multiples, we use a two dimensional categorization scheme as shown in Figure 1 . The first dimension refers to the numerator of the ratio and differentiates between equity value and entity value multiples. Equity value multiples are based on the stock price or the market capitalization of a firm, whereas entity value multiples are based on the enterprise value of a firm. cash flow, (4) knowledge-related, and (5) forward-looking multiples. The first three types of multiples are referred to as traditional or trailing multiples.
Hypotheses
Equity value versus entity value multiples
One of the first questions is how the chosen market price variable -market capitalization (equity value) or enterprise value (market capitalization plus book value of net debt) -determines the accuracy of the MVM. When working with entity value multiples, one should preserve consistency by "matching" the economic meaning of the numerator with that of the denominator. Entity value multiples should utilize value drivers in the denominator which are defined on an enterprise level. Equity value multiples should be constructed from value drivers that are defined on an equity holder's level.
Otherwise, the multiple may be incomparable with economic reasoning, although it could lead to acceptable results in practice. The principle of consistency is often violated, however. P/SA, P/EBIT(DA), or P/OCF multiples are widely used for equity valuations. 2 The level of debt, or more precisely the capital structure, can create problems that impact the consistency of equity value multiples.
In a Modigliani & Miller (1958) world without taxes, costs of financial distress, and other agency costs, different capital structures across firms affect equity value multiples, if they are not defined on an equity holder's level. In such a world, managers can control specific equity value multiples by swapping debt for equity and thereby varnish the attractiveness of their firm to investors. In a real world setting, taxes, costs of financial distress, and agency costs exist, shaping tradeoffs between debt and equity and making capital structure value relevant. The tax benefits of higher leverage are opposed by an increasing probability of default and costs of financial distress. As a compensation for the increase in risk and the decrease in flexibility, shareholders demand higher returns and the value decreases (see Myers (1977) ). The consideration of agency costs favors the use of debt over equity (see Ross (1977) or Myers (1984) ). If capital structure matters, financing decisions influence the value of a firm and thus both equity value and entity value multiples. Entity value multiples are less affected because they are defined on an enterprise level. Consistent entity value multiples are difficult to establish, however. The reason is that we cannot observe the enterprise value of a firm since the true value of debt is not established through market prices. In the MVM the value of net debt is therefore measured by its book value. This approximation can produce uncontrollable uncertainty, especially in a changing interest rate and default risk market environment.
Moreover, the composition and calculation of net debt in the balance sheet can vary significantly across firms, producing even more noise. Needless to say that firms belonging to the same peer group can have different kinds of debt and levels of cash & equivalents. There may also be differences in the treatment of pension liabilities, employee stock options, or capitalized leases. Some firms have preferred stock or off-balance sheet items such as operating leases and special purpose entities.
Taken together, when comparing the features of equity value versus entity value multiples, the latter appeal in the view of consistency because they are less affected by capital structure. Equity value multiples can compensate for this theoretical drawback in practice because the market capitalization in the numerator can be directly observed from market prices and therefore does not suffer from uncontrollable uncertainty. The fact that firms from the same industry tend to operate at similar debt levels, gives equity value multiples another advantage. This leads to Hypothesis 1: Equity value multiples outperform entity value multiples in valuation accuracy.
Knowledge-related versus traditional multiples
For the proposition of Hypothesis 2 and Hypothesis 3, we shift the attention to the denominator of a multiple as a ratio and specific value drivers in different industries. 
Forward-looking versus trailing multiples
In the MVM, the value driver in the denominator of the ratio is often chosen to be one of the latest numbers in the financial statements for the recent fiscal quarter or year. Based on the principles of valuation and on empirical evidence, we recommend forward-looking multiples whenever forecast data for the multiples is available for the entire peer group. Since analysts' practice is to make point in time estimates of earnings measures for only two years ahead, the most promising choice are forward-looking multiples processing two-year ahead forecasts. Forecasts on a broad basis are typically available for EBIT(DA), pre-tax income, and net income. Hypothesis 3 states that forward-looking multiples outperform trailing multiples.
Performance measurement
For the test of our research hypotheses, we follow the four-step MVM and require that the value of common equity , 
where ,c t λ is the synthetic peer group multiple on the value driver, which is estimated on the basis of equivalent multiples observed for the comparable firms c within the peer group, and , i t e is the valuation error. When using entity value multiples, we also consider the value of net debt , net debt i t p of firm i and deduct it on the right hand side of equation (5) to get ,
The valuation error in equation (4) and equation (5) is unlikely to be independent of value because firms with higher values are likely to have larger absolute valuation errors. Baker & Ruback (1999) and Beatty, Riffe & Thompson (1999) show that the valuation error is approximately proportional to the value. Therefore, scaling equation (4) and equation (5) (6) and equation (7), we can then estimate the synthetic peer group multiple using the median as an appropriate measure of central tendency. To construct the sample, we merge data from three sources: (1) Historical accounting numbers from Worldscope, (2) market prices from Datastream, and (3) analyst forecasts from the I/B/E/S. For the ten recent years from 1996 to 2005, we calculate up to fifty different multiples for each firm i in year t using accounting numbers and mean consensus analyst forecasts as of the beginning of January and market prices as of the beginning of April. We measure market prices four months after the fiscal year end to ensure that all year-end information is publicly available by then and is reflected in prices.
The sample considers data that satisfies four criteria: (1) for individual firms, there are no more than two types of stock (e.g., common stock and preferred stock) traded at the domestic exchange and an unambiguous dataset is available from the aforementioned sources; (2) for individual firm years, the market capitalization is above 200 million U.S. Dollar ($) and the value of net debt is positive; (3) for individual multiples, the underlying value driver in the denominator of a multiple is positive, so that negative or infinite values are impossible; and (4) for the construction of the peer group and eventually for predicting equity values using multiples, we require the availability of at least seven comparables within the same industry definition. By doing so, statistical outliers cannot distort the empirical results. In addition, the analysis is conducted out-of-sample, which means that the target firm is not part of the peer group.
The resulting sample for the Dow Jones STOXX 600, which consists of 592 firms, is used for the descriptive statistics reported in panel B of Table 1 . The median firm has annual sales of $3.56 billion, annual net income of $206 million, total assets of $5.83
billion, book value of common equity of $1.68 billion, and pays an annual dividend of $85 million. Thus, the median net profit margin and the median return on common equity equal 5.79 percent and 12.28 percent respectively. Firms also operate with considerable leverage at a debt to equity ratio of about two to one. However, note that all of the financial characteristics are heavily skewed to the right, as indicated by the large differences between the medians and the means. For most numbers the mean is even higher than the number for the third quartile. Table 2 presents summary statistics of the investigated equity value multiples. The median values of common equity value multiples are 16.8 for the P/E multiple, 2.1 for the P/B multiple, and 1.1 for the P/SA multiple. Reflecting analysts' overall expectations of positive future growth, in particular earnings growth, one-year forward-looking multiples are higher than the corresponding trailing multiples but lower than the corresponding two-year forward-looking multiples. Interestingly, the median P/TA multiple is 0.6, whereas the median P/IC multiple is 1.0, which indicates that firms in Europe operate with a considerable high balance of cash & equivalents. This observation is especially evident for the second half of the time horizon of the study. Also, note that the number of observations is smaller for knowledge-related multiples and forward-looking multiples compared to traditional multiples. The former are restricted to science-based industries. Moreover, several national accounting regimes do not require firms to separately disclose their R&D and amortization expenditures in their income statement. The availability of forward-looking multiples is limited because the I/B/E/S database provides analyst forecasts only for the last six years of the study. Again, the distribution of multiples is positively skewed.
Results

Absolute valuation accuracy
Indicators of valuation accuracy for equity value multiples within the European sample are reported in Presented in the second column from the right of Table 3 Analyzing the numbers for the additional performance indicators shown in the remaining four columns of Table 3 corroborates the findings using the key performance measures. All this supports the high accuracy of the MVM.
Equity value versus entity value multiples
The requirement of consistency favors entity over equity value multiples because they are less affected by different capital structures among comparable firms. In practice the estimation procedure of the market value of net debt involves considerable uncertainty.
There is a tradeoff between the desired independence of the capital structure and noise when selecting appropriate multiples. Most prior studies cover only one of the two types of multiples and thus do not assess differences in the quality of value predictions. Studies, which consider both types (i.e., Alford (1992) and Liu, Nissim & Thomas (2002)) find evidence for the superiority of equity value multiples, but are unable to provide any rationale why such results might be observed. Table 4 presents the results of the evaluation of equity value versus entity value multiples. To isolate the performance impact of the multiples selection to the market price variable used, we reduce the universe of multiples to those based on value drivers, which are defined on an enterprise level. Even though all of the value drivers are more appropriate for entity value multiples, the explanatory power of entity value multiples lacks in comparison to that of equity value multiples. For the comparison, we calculate absolute and relative differences in the performance of equivalent multiples. When focusing on individual multiples, the EV/IC multiple is the only entity value multiple which exhibits a lower median absolute valuation error than the equivalent equity value multiple. Its median error is 1.49 percentage points lower than that of the P/IC multiple; the difference in performance equals 4.28 percent. Although the results are a bit more favorable for the second key performance measure, equity value multiples still explain market values better than the corresponding entity value multiples. To make an overall comparison, we aggregate the numbers of the individual multiples in an average. The comparison shows that equity value multiples perform 22.51 percent better than the equivalent entity value multiples using the median error as a measure of accuracy. The relative difference shrinks to 1.22 percent when looking at the fraction of errors below 15 percent.
The results substantiate Hypothesis 1 and allow to conclude that equity value multiples are generally more accurate than entity value multiples. The reason for this conclusion is that uncertainty in the estimation procedure of the enterprise value distorts the reliability of entity value multiples. Because of this distortion-effect we restrict the investigation of the remaining research questions to equity value multiples.
Knowledge-related versus traditional multiples
Since the establishment of the personal computer in the early 1980s and the ensuing achievements in information and internet technology, knowledge has become the main source of value generation in many business areas. Today, the success of most firms within science-based industries no longer relies on tangible assets, but rather on intangible assets and investments in R&D to create this type of assets. Although practitioners are aware of the impact, which knowledge can have on the value of a firm, knowledgerelated variables do not find their way into market-based valuation so far.
In fact, valuations using accrual flow multiples frequently punish firms for operating with more intangibles or investing more in the creation of new intangibles through R&D than their peers. Such a dilution of value occurs because accounting rules mandate amortizing (writing down intangible assets) more aggressively than depreciating tangible assets and expensing R&D investments immediately in the financial statements. To overcome this side-effect of conservative accounting, we correct earnings-based accrual flow multiples for accounting costs of knowledge by adding back amortization, or R&D expenditures, or both of them (KC) to EBIT and net income.
The performance of these multiples is evaluated on the ICB supersector level.
Firms within twelve out of the 18 ICB supersectors exhibit a broad exposure to intangible assets and/or R&D. For those twelve supersectors, which we define as science-based industries, Table 5 presents a comparison of the performance of knowledge-related versus traditional accrual flow multiples. The first two columns show numbers for the key performance measures of our study. Based on these numbers, we compare the accuracy of individual multiples and construct rankings. First, we do this separately for each of the two multiple types (column 3 and column 4) and then combined in a single ranking of all multiples (column 5 and column 6). The separate analysis identifies the P/(E+R&D) and P/(E+KC) multiple as the best performing knowledge-related multiples. With a median error of 28.1 percent across the twelve supersectors, the P/(E+R&D) multiple ranks first followed by the P/(E+KC) multiple with a median error of 28.3 percent. The rank order changes, when the fraction of valuation errors below 15 percent is considered. In general, the variation in performance among the knowledgerelated multiples is relatively small. Another observation we can make in the separate rankings for both types of multiples is that accuracy improves by using value drivers closer to bottom line number in the income statement, suggesting that sales, gross income, and EBIT(DA) do not really reflect profitability by leaving out valuable information of the detailed income statement.
The composite ranking in the last two columns of Table 5 provides evidence for preferring knowledge-related to traditional multiples in science-based industries. With the only exception of the EV/(EBIT+AIA) multiple for the second performance indicator, knowledge-related multiples deliver better value predictions than traditional multiples. The superiority is not restricted to the ranking itself, but is also shown in the absolute numbers (first two columns of Table 5 ). Therefore, we can approve Hypothesis 2 and conclude that knowledge-related multiples outperform traditional multiples in science-based industries.
Forward-looking versus trailing multiples
Forward-looking multiples follow the principles of value generation and appeal for their consistency. The question is if multiples constructed on consensus analyst beliefs can outperform when applied to empirical data. To find an answer, we compare the valuation accuracy of forward-looking multiples to the accuracy of the corresponding trailing accrual flow multiples. The comparison is carried out the same way as with the evaluation of equity value versus entity value multiples presented in the previous section.
The differences in the median absolute valuation error in Table 6 show that using one-year forecasts instead of trailing numbers decreases the median error on average by This pattern might be explained by the industry practice to determine an equity analyst's quality (and paycheck) based on her ability to accurately forecast earnings. Therefore, analysts typically devote their efforts towards the estimation of future earnings. The market also pays the highest attention to earnings forecasts and consequently market values adjust accordingly to information on earnings.
To visualize the performance of forward-looking versus trailing multiples, Figure 2 provides a bar chart containing the number of first, second, and third ranks of multiples based on trailing numbers, one-year forecasts, and two-year forecasts for pairwise performance evaluations on the ICB sector level. Out of 300 comparisons, two-year forecasts perform best ranking first 160 times, second 108 times, and third only 32 times.
One-year forecasts reach 72 first, 146 second, and 82 third ranks. Far behind, trailing numbers rank first only 68 times, second 46 times, and third 186 times.
In sum, the results presented in Table 6 and Figure 2 suggest the following ranking of multiples and therewith support Hypothesis 3: Forward-looking multiples, as a group, exhibit higher accuracy than trailing multiples. Performance increases with the forecast horizon from one year to two years.
Evaluation of results
The empirical results for the European sample substantiate the economics of the comprehensive multiples valuation framework. It is worthwhile to validate the significance of the results using U.S. data. The out-of-sample test confirms our findings. In fact, even the magnitude of most results shows strong similarities.
One aspect of the results for the U.S. sample provides evidence for a phenomenon observed by Ali & Hwang (2000) : Accounting information exhibit greater value relevance in U.S. equity markets than elsewhere in the world. Table 7 shows that across the universe of equity value multiples in the study, the median absolute valuation error (fraction of valuation errors below 15 percent) is on average 10.0 percent lower (8.9 percent higher) for the U.S. sample compared to the European sample. The obvious and first explanation for the performance advantage of the U.S. sample is the heterogeneity of accounting and tax regulations across Europe. A second explanation is that the demand for published value relevant accounting information is higher in equity-and market-orientated financial systems (e.g., U.S.) than in debt-and bank-orientated systems (e.g., Germany and France). Why? Banks typically have direct access to firm information. One might also attribute the performance advantage of U.S. markets to a supposed higher degree of capital market efficiency.
Interestingly, the relative performance advantage reported in Table 7 is based on four multiples: (1) The trailing P/E, (2) the one-year forward-looking P/E, (3) the twoyear forward-looking P/E, and (4) the P/B multiple. The conclusion is two-fold: First, the popularity of the P/E and the P/B multiple among U.S. market participants has an impact on the market price levels of U.S. stocks. Second, analysts covering U.S. stocks produce earnings forecasts that better reflect intrinsic value generation than analysts covering European stocks. A closer look at the results of the cross-sectional analysis of the U.S. sample shows that entity value multiples perform slightly better in the U.S.
than they do in Europe when compared to the equivalent equity value multiples. This amelioration lapses through the additional provision of equity value multiples. This can be explained by the differences in consistency. The advantages of knowledge-related and of forward-looking multiples compared to traditional and trailing multiples are stronger in the U.S. than in Europe.
Time stability and limitations
Another issue concerns the time stability of the results. To evaluate the steadiness of the accuracy pattern, we focus on eleven equity value multiples and calculate calibrated performance indicators in each year from 1996 to 2005. In an aggregated form, Figure 3 shows for the majority of the equity value multiple universe. In terms of relative performance, our results show that: (1) Equity value multiples outperform entity value multiples. (2) Knowledge-related multiples outperform traditional multiples in science-based industries. (3) Forward-looking multiples, in particular the two-year forward-looking P/E multiple, outperform trailing multiples.
All of our results are significant in magnitude, robust to the use of different statistical performance measures, and constant over time. More importantly, the study finds similar or even stronger results in an out-of-sample test using a dataset of 500 U.S.
firms for the same time horizon. In sum, our results extend the knowledge of the absolute and relative valuation accuracy of different (types of) multiples and provide reasoning for the industry practice of using multiples as the standard valuation approach.
The straightforwardness of the methodology and the significance of the empirical results make these results directly relevant to practice. There is a good indication of which type of information the market processes in order to determine values. The study supports the importance of knowledge-related variables in science-based industries. It also supports the importance of earnings forecasts across all industries.
Our study opens space for further investigation in the area of corporate valuation using multiples. We suggest an extension of the dataset for the cross-sectional analysis to emerging markets and small firms.
Figure 1: Categorization of multiples
Note: P = (stock) price / market capitalization, EV = enterprise value, SA = sales / revenues, GI = gross income, EBITDA = earnings before interest, taxes, depreciation, and amortization, EBIT = earnings before interest and taxes, EBT = earnings before taxes / pre-tax income, E = earnings / net income available to common shareholders, TA = total assets, IC = invested capital, B = book value of common equity, OCF = operating cash flow, D = (ordinary cash) dividend, R&D = research & development expenditures, AIA = amortization of intangible assets, and KC = knowledge costs = R&D + AIA. Forward-looking multiples are based on mean consensus analysts' forecasts for the next two years (1 = one year, 2 = two years) provided by I/B/E/S. The multiples shown within this two dimensional categorization framework are just a selection of the universe of possible multiples. However, any multiple can be classified within this framework.
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